Objective. The relationship between sleep quality and pain has been studied in populations with chronic pain and in nonclinical populations using experimental paradigms. Little is known about the familial contributions to this relationship. This study examines self-reported sleep quality and pain in a nonclinical sample and to explore familial (i.e., shared genetic and common family environment) confounding in those relationships.
Introduction
The relationship between poor sleep quality and pain has been well established [1] [2] [3] . Experimental paradigms demonstrate that sleep deprivation leads to increased experimental pain sensitivity in healthy individuals [4, 5] . Poor sleep is often both a risk factor for and consequence of chronic pain conditions such as chronic widespread pain or fibromyalgia [6] . Individuals with insomnia have demonstrated differences in pain modulation [7] . The link between poor sleep and pain is often characterized as a cycle of reciprocal relationships, whereby poor sleep quality increases pain and increased pain reduces quality of sleep [2] . However, recent research investigating the directionality of this association suggests that sleep disturbance may be a stronger predictor of pain and that poor sleep temporally preceding pain may be the stronger directional pathway [8] . Little is known about the relationship between sleep and pain in nonclinical samples without diagnosed chronic pain conditions or insomnia, although one study in a nonclinical sample of young adults found that poor quality sleepers reported higher pain symptoms [9] . Further, genes and common family environment (referred to as familial factors) have been implicated in both the experience of poor sleep quality [10] and pain [11, 12] separately, but the influence of familial factors on the relationship between poor sleep quality and pain also has not been sufficiently examined and could inform mechanisms involved in this relationship, such as the directionality of this relationship and the specific biopsychosocial factors involved.
This study used data from a genetically informative sample of community twins to study poor sleep quality and nonexperimental pain and poor sleep quality in a nonclinical sample of individuals and to elucidate the role of familial confounding to guide future research to better treat sleep and pain problems. The aims of this study were to: 1) examine self-reported sleep quality and pain and 2) explore familial confounding in those relationships. We hypothesized that poorer sleep quality would be associated with higher pain severity and that these relationships would be confounded by familial factors.
Methods

Participants
This sample contained 99 female twin pairs (N ¼ 198) from the University of Washington Twin Registry (UWTR). The UWTR is a community-based registry with identification of twins by the Washington state department of licensing [13, 14] . Members of the registry were selected from the UWTR to participate in a study examining psychological, behavioral, and physiological risk factors for medically unexplained chronic pain between 2006 and 2010. The rationale for the study, its methodology, and other outcomes have been previously reported [15] [16] [17] . Because the study was focused on examining correlates of medically unexplained chronic pain, exclusion criteria included medical conditions such as autoimmune diseases or cancer that could account for the presence of pain and any medical conditions like uncontrolled allergies or endocrine conditions, heart and lung problems, and sleep disorders that could alter data collection. Participants were excluded if they currently smoked, screened positive for recreational drugs, had a body mass index under 20 or higher than 35 kg/m 2 , were pregnant, or had a physical or sensory disability that would make them unable to complete study tasks. Informed written consent was obtained from all participants. The institutional review boards of the University of Washington and the University of California, San Diego approved the study protocol.
Procedures
Self-report measures were collected via a questionnaire packet completed at home to ensure sufficient time to complete questionnaires before the lab visit. The study also involved at-home collection of saliva samples and a two-day laboratory session at the University of Washington General Clinical Research Center for physical examinations and other study tasks, which are not included in the present analyzes but are reported elsewhere [15] [16] [17] . Participants were asked to avoid taking all medications that might impact sleep, pain, the hypothalamic-pituitary-adrenal (HPA) axis, or the autonomic nervous system during the study period and for the 2 weeks prior to the study. Participants were restricted to having only as many as two alcoholic drinks per week and one cup of coffee per day while in the study. Urine drug tests were done during the study's laboratory portion to ensure no recreational drug use. Zygosity of twin pairs was determined with genetic testing using either the AmpFlSTR V R Identifiler V R Plus PCR amplification kit, or the PowerPlex V R 16 HS System with all assays conducted according to manufacturer's instructors at the University of Washington center for clinical genomics.
Measures
Demographic information included age, race/ethnicity, marital status, highest level of education, and total household income. The Pittsburgh Sleep Quality Index (PSQI; 18) was used to assess sleep quality in the past 4 weeks; the measure was scored according to standard procedures with higher numbers indicating worse sleep quality (range 0-21). Pain in the past 4 weeks was assessed with the short-form McGill pain questionnaire (McGill; 19) , which results in the sensory (range 0-33) and affective (range 0-12) subscales, a total score (range 0-45), a visual analog scale (VAS), and an overall pain rating. The VAS was a 100 mm line anchored at "no pain" and "worst possible pain." A body map with 21 sites was used to gather information on the location of pain. Both the PSQI and McGill are standardized selfreport measures and have good psychometric properties [18, 19] .
Statistical Analyses
Descriptive statistics were calculated and provided. Analyses were performed in line with recommended procedures for regression models with twin studies [20] . Overall mixed model regressions were run with sleep quality (PSQI) as a predictor, the McGill pain, VAS, and total number of pain sites as the response variables, twin pair as the random factor, and age as a covariate. For relationships with significant overall models, withinpair models were conducted that control for the familial (shared genetic and common family environmental) confounding within twin pairs. Twins share between 50 and 100% of their genetics and 100% of their family environment when reared together in the same household.
These within-pair models naturally account for these familial factors that could influence the sleep-pain relationship. A Bonferroni adjusted alpha of (0.05/5 ¼ 0.01) was used for all analyses because each pain variable was run in a separate model. The statistical methods are comparable to those previously used [15] [16] [17] . Data analyses were performed using statistical package for social sciences version 20 (IBM, Armonk, NY).
Results
Participants
Demographic, sleep, and pain characteristics for the entire sample are presented in Table 1 . Participants were female and mostly (72%) monozygotic. The average age was 29 years (SD ¼ 10); 88% were white; 50% had a bachelor's degree or higher, and 24% were married or cohabitating; 33% of participants had an income greater than $80,000, and 28% reported an income less than $20,000. The sample demonstrated good sleep quality (mean PSQI Total < 5), had little to no difficulty across all seven PSQI component scores, and had a mean sleep efficiency of 93% (SD ¼ 23). Figure 1 displays the prevalence of self-reported pain across body map sites. The most common reported pain sites were upper back, lower back, neck, and knee. Table 2 provides detailed pain characteristics for the overall sample. The most commonly endorsed (i.e., a McGill rating of 1-3) sensory items were aching, cramping, throbbing, tender, and sharp. Tiring-exhausting was the most frequently rated affective item. The majority of the sample had mild pain on the VAS and on the overall pain rating. Upper back, lower back, neck, and knees were the most common areas of pain on the body map.
Sleep and Pain
Results of overall and within-pair mixed model regressions are presented in Table 3 . Poorer sleep quality was significantly associated with higher pain across all of the pain variables (p's 0.001). A one unit increase in the PSQI total score was linked to 0.36, 0.16, and 0.53 increases in McGill sensory, affective, and total scores, respectively. The McGill VAS increased by 2.37 and the number of total pain sites on a body map increased by 0.41 for every one unit increase in PSQI total score. After controlling for familial factors in the within-pair analyses, these relationships were attenuated and rendered nonsignificant with a Bonferroni adjusted alpha (p's ranging from 0.01 to 0.39).
Discussion
Summary of Findings
We found that poorer sleep quality was significantly related to higher pain on all of our pain indicators in a nonclinical community sample of female twins. These associations appeared to be influenced by shared familial factors. This is the first study to examine the relationship between the number of pain sites on a body map and sleep quality in a nonclinical pain sample. We also found that our sample of female twins endorsed mild pain mostly located in back, neck, and knee regions that were described mostly as being aching, cramping, throbbing, tender, sharp, and tiringexhausting.
Relevance to Nonclinical Samples
Our findings suggesting a link between poor sleep quality and pain are in line with findings from previous research using nonclinical samples [4] and further describe the association to include links between poor sleep quality and higher pain severity on a VAS, more sensory and affective descriptors on the McGill, and higher number of pain sites on a body map. Studies with healthy participants have demonstrated that poor sleep quality and experimentally induced sleep restriction are associated with higher pain ratings and hyperalgesia in response to an evoked pain sensitivity paradigm [5, 21] . Further, there is some evidence suggesting that the stress response system or HPA axis functioning may mediate the relationship between sleep quality and evoked pain [21] .
Relevance to Clinical Samples
Our findings also are consistent with studies on the relationship of sleep quality and pain in samples with chronic pain or serious medical conditions where higher clinical pain and pain sensitivity in response to evoked pain tasks are associated with poorer sleep quality [22] [23] [24] [25] . Interestingly, the sleep-pain relationship found in this study has been supported in clinical samples that have notably higher pain ratings and poorer sleep quality compared with our nonclinical sample. The association of sleep quality and pain may apply broadly beyond populations with chronic pain or medical conditions. However, the exact nature of these relationships in clinical samples could differ based on the measure of pain used. For example, one study found that duration of pain symptoms in months and highest VAS 2-week pain rating accounted for more variance in poor sleep quality than average VAS 2-week pain ratings [26] . Research on sleep and pain in clinical samples may need to carefully consider how pain is assessed given the potentially dynamic nature of pain symptoms and the relationship with sleep in a chronic pain population. An added complication is that commonly comorbid depression or anxiety symptoms may better account for poor sleep quality in individual with chronic pain than pain symptoms [27] . However, populations with insomnia [28] or migraine [29] maintain the pain-poor sleep quality relationship after controlling for depression so the influence of depression and anxiety on the association between poor sleep quality and pain may depend on the clinical population being studied [8] .
Familial Factors and Future Directions
Results from our study supporting that familial factors confound the relationship between poor sleep quality and pain suggest that poor sleep quality and pain may have common familial origins. These findings are in line with previous work identifying the role of familial or genetic components of poor sleep and pain independently [10] [11] [12] . Our findings extend that literature to provide more evidence that the sleep quality-pain relationship is influenced by shared familial factors. Recent research using bivariate genetic analyses found that 98% of the phenotypic association between poor sleep quality and pain can be explained by genetic factors with a more limited influence of shared environment [28] . Although some research has identified genetic polymorphisms involved in insomnia, more research is needed to better understand the influence of genes and shared environment on the relationship between poor sleep quality and pain and the potential epigenetic mechanisms that might contribute to the development and maintenance of both poor sleep and pain as a result of life events such as acute and chronic stress [30] . Identification of candidate genes may provide insight into biological mechanisms and treatment targets shared familial mechanisms like learning and culture could also underlie the association between sleep quality and pain and could also provide information for prevention and treatment of poor sleep quality and pain.
Limitations
This study has several limitations. The sample consisted of young female twin pairs so our findings may not generalize to men, older populations, or to individuals with current chronic pain. Our design was cross-sectional, so we cannot further disentangle the directionality of the sleep-pain relationship.
Conclusions
In conclusion, we found that poorer sleep quality was significantly associated with higher pain across multiple pain indices in a nonclinical community sample of female twins and that familial factors appeared to play a role in the sleep-pain relationship. More research is needed to better understand the role of poor sleep in the experience of pain naturalistically and the development and maintenance of chronic pain, as well as the biological, psychological, and social mechanisms at work. This line of research can ultimately lead to better prevention and treatment strategies for both sleep problems and pain.
